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1 INTRODUCTION

The NASA Goddard Space Flight Center (GSFC)
Laboratory for Extraterrestrial Physics (LEP) conducts
a broad program of experimental and theoretical scien-
tific research on the heliosphere, the interstellar medium,
the magnetospheres, ionospheres and upper atmospheres
of the planets, including Earth.

LEP space scientists study the structure and dy-
namics of the magnetospheres of the planets including
Earth. Their research programs encompass the magnetic
fields intrinsic to many planetary bodies as well as their
charged particle environments and plasma-wave emis-
sions. The LEP also conducts research into the nature of
planetary ionospheres and their coupling to both the up-
per atmospheres and their magnetospheres. Finally, the
LEP carries out a broad-based research program in he-
liospheric physics covering the origins of the solar wind,
its evolution and outward propagation through the solar
system all the way to its termination where it encounters
the local interstellar medium. Special emphasis is placed
on the study of solar Coronal Mass Ejections (CME’s),
shock waves, the evolution of magnetohydrodynamic tur-
bulence, and the structure and properties of the fast and
slow solar wind.

LEP planetary scientists investigate the chemistry
and physics of planetary stratospheres and tropospheres
and of solar system bodies including meteorites, aster-
oids, comets, and planets. The LEP conducts a focused
program in astronomy, particularly in the infrared and
in short as well as very long radio wavelengths. We also
perform an extensive program of laboratory research, in-
cluding spectroscopy and physical chemistry related to
astronomical objects.

The LEP proposes, develops, fabricates, and inte-
grates experiments on Earth-orbiting, planetary, and he-
liospheric spacecraft to measure the characteristics of
planetary atmospheres and magnetic fields, and electro-
magnetic fields and plasmas in space. We design and de-
velop spectrometric instrumentation for continuum and
spectral line observations in the x-ray, gamma-ray, in-
frared, and radio regimes; these are flown on spacecraft
to study the interplanetary medium, asteroids, comets,
and planets. Sub-orbital sounding rockets and ground-
based observing platforms form an integral part of these
research activities.

A fairly large number of post-doctoral and graduate
students work in the LEP on research projects. The LEP
is committed to NASA’s Education and Public Outreach
effort. A vigorous summer internship program provides
both high school and college students an opportunity
to enrich their educational experience through hands-on

scientific research.

LEP is organized into five Branches: (1) Astrochem-
istry, (2) Planetary Systems, (3) Interplanetary Physics,
(4) Planetary Magnetospheres, and (5) Electrodynam-
ics. These branches work together to carry out NASA’s
strategic plan as embodied in the Origins, Structure and
Evolution of the Universe, and Sun-Earth Connection
themes.

This report covers the period from approximately
October 2002 through September 2003.

2 PERSONNEL

Dr. Richard Vondrak continues as Chief of the LEP.
Mr. Franklin Ottens is Assistant Chief. The Branch
Heads are: Dr. Joseph Nuth (Astrochemistry); Dr.
Thomas Moore (Interplanetary Physics); Dr. L. Drake
Deming (Planetary Systems); Dr. Steven Curtis (Plan-
etary Magnetospheres), and Dr. James Slavin (Electro-
dynamics). The Laboratory Senior Scientists are Drs.
Richard Goldberg, Michael Mumma, Keith Ogilvie, and
Louis Stief. The civil service scientific staff consists
of Dr. Mario Acuna, Dr. John Allen, Dr. Robert
Benson, Dr. Gordon Bjoraker, Dr. John Brasunas,
Dr. David Buhl, Dr. Leonard Burlaga, Dr. Cyn-
thia Cheung, Dr. Gordon Chin, Dr. Regina Cody, Dr.
Michael Collier, Dr. John Connerney, Dr. Michael De-
sch, Dr. Jason Dworkin, Mr. Fred Espenak, Dr. Joseph
Fainberg, Dr. Donald Fairfield, Dr. William Farrell,
Dr. Michael Flasar, Dr. Mei-Ching Fok, Dr. Bar-
bara Giles, Dr. David Glenar, Dr. Melvyn Goldstein,
Dr. Natchimuthuk Gopalswamy, Dr. Adolfo F.-Vinas,
Dr. Joseph Grebowsky, Dr. Michael Hesse, Dr. Don-
ald Jennings, Mr. Michael Kaiser, Dr. John Keller, Dr.
Alexander Klimas, Dr. Theodor Kostiuk, Dr. Brook
Lakew, Dr. Guan Le, Dr. Ronald Lepping, Dr. Robert
MacDowall, Dr. William Maguire, Dr. Michael DiS-
anti, Dr. Marla Moore, Dr. David Nava, Dr. Walter
Payne, Dr. John Pearl, Dr. Robert Pfaff, Dr. Den-
nis Reuter, Dr. D. Aaron Roberts, Dr. Paul Romani,
Dr. David Sibeck, Dr. Amy Simon-Miller, Dr. Edward
Sittler, Dr. Michael Smith, Dr. Adam Szabo, Dr. Ja-
cob Trombka, and Dr. Peter Wasilewski. The LEP also
consists of Co-op Graduate students, Mr. Daniel Mar-
tinez, Ms. Kelly Fast, Mr. Walter Allen, Ms. Talana
Jackson, and Ms. Lucy Lim. The Laboratory also has a
large scientific staff who are not civil servants. The fol-
lowing are National Research Council Associates (NRC):
Dr. Stephen Christon, Dr. John Dorelli, Dr. Roberto
Fernandez-Borda, Dr. Jesper Gjerloev, Dr. Natasha
M. Johnson, Dr. Kristi Keller, Dr. Hina Khan, Dr.
Gunther Kletetschka, Dr. Alexander Kutepov, Dr. Jan
Merka, Dr. André Pimentel, Dr. Kristine Sigsbee, Dr.



Christian Steigies, Dr. Erika Gibb, Dr. Eija Tanskanen,
Dr. Guido Sonnabend, Dr. Vadim Uritsky, Dr. Arcadi
Usmanov and Dr. Wayne Keith. The following scien-
tists work at the LEP as either contractors to GSFC
or as long-term visiting faculty: (L3EER) Dr. Daniel
Berdichevsky, Dr. Henry Freudenreich, Dr. Roger Hess,
and Dr. Vladimir Osherovich; (Raytheon/ITSS) Dr.
Ashraf Ali, Dr. Rainer Fettig, Dr. Maria Kuznetsova,
and Dr. Lutz Rastétter; (Universities Space Research
Association (USRA)) Dr. Sheng-Hsien Cheng, Dr. Niko-
lai Tsyganenko, Dr. Dimitris Vassiliadis, Dr. Sean Chen,
Dr. Yusuke Ebihara, Dr. Phillip Webb, Dr. Yihua
Zheng, Dr. Jeremy Richardson, and Mr. Benjamin
Pilkerton; (ITMI) Dr. Michael Rilee; (Computer Sci-
ences Corporation (CSC)) Dr. Larry Evans; (Catholic
University of America) Dr. Pamela Clark, Dr. Dana
Crider, Dr. Tamara Dickinson, Dr. Frank Ferguson,
Dr. Patrick Michael, Dr. David Steyert, Dr. Guillermo
Stenborg, Mr. George McCabe, Dr. Robert Nelson, Dr.
Fred Nesbitt, Dr. Michael Reiner, Dr. Neil DelloRusso,
and Dr. Richard Starr; (Space Science Applications, Inc.
(SSAI)) Dr. Richard Achterberg, and Dr. Ronald Carl-
son; (University of Maryland, College Park) Dr. Dennis
Chornay, Dr. Thejappa Golla, Dr. Tilak Hewagama,
Dr. John Hillman, and Mr. Virgil Kunde; (IONA Col-
lege) Dr. Robert Novak; (Cornell University) Dr. Bar-
ney Conrath and Dr. Paul Schinder; (Challenger Center
for Space Science Education) Dr. Jeffrey J. Goldstein
and Dr. Timothy Livengood; (NOMAD Research) Dr.
Dean Pesnell; (John’s Hopkins Applied Physics Labora-
tory (APL/IPA)) Dr. Nicola Fox; (Eckerd College) Dr.
Reginald Hudson; (University of Toledo) Mr. Boncho
Bonev; (University of Alabama) Dr. Chin-Chun Wu;
(University of Tennessee) Dr. William Blass.

A small and very capable staff of engineers, techni-
cians, secretaries, and computational personnel also sup-
port the work of the LEP scientists.

2.1 Tribute to Recently Retired Scientists

Two exceptional LEP scientists retired in 2002 after
many years of service to NASA: Dr. Robert Hoffman
and Dr. Richard Fitzenreiter. Today, our work in LEP
builds on the legacy left behind by these individuals and
others who have previously retired. Some of them have
Emeritus status and continue to contribute to the scien-
tific programs of the LEP.

Richard (Dick) J. Fitzenreiter retired after a 40 year
career at GSFC. His commitment to scientific and tech-
nical excellence is exemplied in his many research accom-
plishments on the subject of the Earth’s magnetosphere,
the bowshock and foreshock, and magnetospheric plasma
resulting in the scientific success of numerous Center
Programs such as Alouette, ISEE and WIND.

Robert (Bob) Hoffman retired after a distinguished
40 year career of exceptional service, where he upheld
the highest standards for a NASA scientist. The charged
particle investigations he developed for the Pioneer, Ex-
plorer, Atmospheric Explorer, and the Orbiting Geo-
physical Observatory missions were among the pathfind-

ers that gave us our first views of the Earth’s high al-
titude plasma environment. The Explorer 45, Dynam-
ics Explorer and Polar missions, for which Bob served
with distinction as Project Scientist, provided the foun-
dation for our present understanding of the origins of
geomagnetic storms and the causes of the aurora. More
recently, as the Living with a Star Project Scientist for
Geospace, he forged mutually beneficial and enduring
partnerships between the Goddard Space Flight Center,
the Applied Physics Laboratory, and the space science
community to produce a far reaching, yet detailed vision
for NASA’s first space weather research program. Fi-
nally, Bob’s research into the dynamics of charged par-
ticles in the Earth’s magnetosphere and the electrody-
namics of the auroras has yielded numerous important
results and helped to establish the LEP as a Center of
Excellence for ionospheric and magnetospheric research.

3 ASTROCHEMISTRY

3.1 Laboratory Studies of Astrophysical
Dust Analogs: Condensation, Catalysis
and Growth

Condensation of solid particles from mixed vapors of
Fe-Mg-Si metals in hydrogen gas mixed with oxygen to
yield a flame, yield separate populations of amorphous
iron silicate and magnesium silicate grains plus small
quantities of MgO, SiO and FeO. These results are con-
sistent with the hypothesis that vapor-phase nucleation
and growth occurs at metastable eutectics in the ternary
phase diagram. If this proves to be true for other con-
densing systems, then it will make prediction of the con-
densate composition from any astrophysical source much
easier, while the compositions of oxide grains in the in-
terstellar medium will be restricted to a small subset of
the potential phase space.

We have demonstrated that amorphous iron silicate
grains are remarkably good catalysts that can promote
the disruption of both the CO and molecular nitrogen
triple bonds. Grain surface reactions involving only hy-
drogen, CO and nitrogen have been shown to produce
an amazing array of complex organic molecules including
alkanes, poly-aromatic hydrocarbons, alcohols, amines,
amides, imides and organic acids. In more recent exper-
iments we have studied the hydration of the amorphous
iron silicate catalyst after it has become coated with car-
bonaceous products of these grain-surface reactions. We
find that after relatively low temperature exposure to lig-
uid water, as might have happened on an asteroid early
in the history of the solar system, we produce a material
that appears to be closely related to meteoritic ‘kerogen’
extracted from primitive carbonaceous chondrites.

Studies of the efficiency of crystal growth from the
vapor have been carried out in microgravity using
NASA’s KC-135 Reduced Gravity Research Aircraft. We
find that only 3 atoms out of every 100,000 that strike a
growing zinc crystal actually stick and become incorpo-
rated into the growing grains. We have applied these re-
sults to the formation of crystalline silicon carbide grains



in the atmospheres of asymptotic giant branch stars that
have been extracted from primitive meteorites and con-
clude that such grains required approximately 100,000
years to grow to their observed sizes (~10 - 25 microns).
We are now investigating processes that would allow such
grains to remain suspended in AGB atmospheres for such
long time scales.

3.2 Hydrocarbon Chemistry in the Atmos-
Recepheres of Jupiter and Saturn

Photochemical models of the atmospheres of Jupiter
and Saturn indicate that a major loss process of ethyl
radicals in the atmospheres of these two giant planets
is the reaction H + CyoHs. The models further suggest
that the reaction channel H + Cy;H; —2 CHj is a sig-
nificant source of methyl radicals in these atmospheres.
The methyl radical has recently been observed in the
atmospheres of Saturn and Neptune. A search of the
chemical literature reveals that there are two relatively
modern kinetic studies of the H 4+ CyHg reaction but
both of these investigations involve extensive modeling
of eight elementary reactions in order to obtain a rate
constant. The lack of direct, absolute determinations of
the rate constant for this reaction at low temperatures
and pressures has motivated L. J. Stief, A. S. Pimentel,
W. A. Payne, F. L. Nesbitt, and R. J. Cody to initiate a
flow-discharge, mass spectrometric measurement of the
rate constant at temperatures and pressures appropriate
for use in outer planet models. The investigation will
also seek to identify the products and branching ratios
of the reaction.

Hydrogen atoms and ethyl radicals are simultane-
ously generated by reaction of fluorine atoms with mix-
tures of Hy and CoHg. The rate constant is determined
under pseudo-first order conditions by following the de-
cay of CoHjs in an excess of H atoms. Results thus far at
P =1 Torr yield k(298K) = 1.13 x 10719 ¢cm?® molecule™*
s~! and k(202K) = 1.18 x 107!° ¢cm® molecule™! s71.
Experiments at T = 155 K are in progress.

3.3 Nitrile Chemistry in Titan’s Atmosphere

Cyanoacetylene (H-C=C-CN) has been observed
in the atmosphere of Titan by ground-based observa-
tions and by instruments aboard the Voyager spacecraft.
Models of Titan’s atmosphere, i.e. the 1984 model of
Yung, Allen and Pinto and the 1995 model of Toublanc,
et al. calculate mixing ratios for HC3N that are vastly
different from direct observations. An important loss
process for HC3N in the named models is the three body
reaction H + HC3N + M — CoHyCN. The rate constant
for this reaction has never been measured. The models
assume a value equal to that measured for the reaction
H 4+ C3Hy + M— CyHs + M. Co-investigators, R. J.
Cody, J. K. Parker (Catholic University of America),
W. A. Payne and L. J. Stief have used the experimen-
tal technique of discharge flow coupled with collision-free
sampling to a mass spectrometer to monitor the decay of
cyanoacetylene in excess H atoms at nominal pressures

of P = 0.5, 1.0 and 2.0 Torr (He) and T = 298, 250

and 200 K in order to measure first order rate constants
for the reaction. The bimolecular rate constants were
derived from slopes of plots of ks versus [H]. The re-
sults indicate that, over the limited pressure range and
within the experimental uncertainty, there is no pres-
sure dependence of the bimolecular rate constant at T =
298 K. This suggests that the rate constant has reached
its high-pressure limit by 1 Torr for T < 298 K. The
rate constants are k(298 K) = 2.1 x 10713, k(250 K) =
1.5 x 10713 k(200 K) = 0.93 x 10713, all in units of
cm® molecules ! s '.These rate constants can be fit by
the Arrhenius expression k = 1.1 x 1072 exp(—500/T)
cm? molecules 's . These measured rate constants are
about a factor of 50 greater than those estimated by anal-
ogy with H + C3H3 and have a much weaker temperature
dependence. Ab initio calculations have been performed
at the G2M and CCSD(T)/6-311G(d,p) levels of theory
with the hope of better understanding the temperature
dependence of the reaction. The use of our experimental
data for the H + HC3N reaction is expected to have a
large impact on the calculated atmospheric abundance
of HC3N in Titan’s atmosphere.

3.4 Cosmic Ice Experiments

High Energy Particles and UV Photons Continu-
ously Create and Destroy Compounds on The Jovian
Moons. Members of the Laboratory examined both UV
and ion (proton) processing of ices relevant to the sulfur
and carbon cycles of Europa, Callisto, and Ganymede.
Infrared signatures for H3O%, HSO;, SO7T, ions were
stable in 100 K ices, but resulted in hydrated HySO4
after warming above ~200 K. Both the formation and
destruction of HySO4 was examined. In addition COs;
and CO formation in H2O ices containing CO4 are pre-
dicted.

Prediction of New Molecules Awaiting Detection on
Titan. Recent Laboratory work shows that CN-
containing molecules, already known on Titan from ear-
lier NASA missions, can undergo UV- and cosmic-ray
promoted reactions, even at very low temperatures. It
was shown that acetonitrile (H3CCN) (known Titan
molecule) easily rearranges to form HoCCNH. In ad-
dition, experiments show that if HoO is present then
HCN or CN~can form OCN™, another good candidate
molecule for space- and ground-based observations. Of
interest to astrobiologists is the possibility of pyrimidine
formation from an organic nitrile HCCCN (known Ti-
tan molecule) and OCN™ (a predicted Titan molecule if
H>O is present).

Elusive Molecule Stabilized at Low Temperatures.
The IR spectrum of vinyl alcohol (CH;CH(OH)) was
identified in both proton irradiated and UV photolyzed
ices containing HyO 4+ C3H,. Vinyl alcohol is considered
to be an unstable, intermediate step in the formation of
other products. At low temperature, however, vinyl al-
cohol is formed and is stable. These results may explain
the origin of interstellar vinyl alcohol.

Radiation Products Relevant to EKB Objects. Mem-
bers of the Astrobiology Branch studied radiation chemi-



cal products of Nao-rich and HyO-rich ices containing CO
or CHy (e.g. volatiles such as alcohols, acids, and bases).
Spectra from 1 to 5 microns of carbon suboxide, carbonic
acid, the ammonium and cyanate ions, polyoxymethy-
lene, and ethylene glycol were measured for these less-
volatile products that could accumulate on EKB objects.

3.5 Astrobiology

GSFC Center for Astrobiology. NASA’s Astrobiol-
ogy Institute (NAI) selected a team of scientists led by
GSFC for a five-year, multimillion-dollar research effort
that will explore how organic molecules are created in
interstellar clouds and delivered to planets as they form.
The overall objective is to discover if comets supplied
the raw material for the origin of life on Earth, and
whether similar processes could have occurred elsewhere.
M. Mumma is Principal Investigator (PI) for the NAI
Goddard Node.

The NAT research led by Goddard capitalizes on the
Team’s strengths in laboratory astrochemistry, plane-
tary systems research, interstellar, stellar, planetary, and
cometary spectroscopy, and spacecraft instrument devel-
opment. The Center for Astrobiology will focus on four
Themes:

Theme 1: Establish the taxonomy of icy planetesi-
mals and their potential for delivering pre-biotic organ-
ics and water to the young Earth and other planets.
Theme 2: Investigate processes affecting the origin and
evolution of organics in planetary systems. Theme 3:
Conduct laboratory simulations of processes that likely
affected the chemistry of material in natal interstellar
cloud cores and in proto-planetary disks. Theme 4: De-
velop advanced methods for the in-situ analysis of com-
plex organics in small bodies in the Solar System.

The interdisciplinary team includes more than 40 re-
searchers in Earth science, space science, and instrument
development. Institutions with scientific co-investigators
include the University of Maryland (College Park), the
California Institute of Technology, the Johns Hopkins
University Applied Physics Laboratory, the SETT insti-
tute, Washington University (St. Louis), Eckerd College,
the University of Massachusetts (Amherst), and the Uni-
versity of Washington (Seattle). Institutions with sci-
entific collaborators include the Carnegie Institution of
Washington, NASA’s Ames Research Center, The Uni-
versity of California at Santa Cruz, The Catholic Uni-
versity of America, and Rowan University. International
collaborators include scientists from the University of
Paris (France), and Leiden Observatory (The Nether-
lands). For more information about the Goddard Center
for Astrobiology on the Internet, and links to the individ-
ual scientists, visit: http://astrobiology.gsfc.nasa.gov/.

The NASA Astrobiology Institute is an interna-
tional research consortium with central offices located
at NASA’s Ames Research Center in California’s Sil-
icon Valley., NASA Ames is the Agency’s lead cen-
ter for astrobiology, the search for the origin, evolu-
tion, distribution and future of life in the universe. For
more information about the NAI on the Internet, visit:

http://nai.arc.nasa.gov/.

Astrobiology and Organics in Interstellar Ices. J.
Dworkin (hired to the Astrochemistry Branch in Septem-
ber 2002) has worked with M. Mumma (PI) and his team
of 20 Co-investigators (from the Laboratory for High En-
ergy Astrophysics, Laboratory for Astronomy and Solar
Physics, Laboratory for Extraterrestrial Physics, Labo-
ratory for Atmospheres, and Laboratory for Terrestrial
Physics) to propose and win a NASA Astrobiology In-
stitute node for GSFC. The 5-year project will begin
November 2003. He has also written or co-authored
seven other proposals to the Office of Space Science to
win funding for the construction, equipping, and staffing
of a new laboratory for analytical chemistry of ices,
grains, and meteorites for astrobiology.

In addition, J. Dworkin has completed several pa-
pers related to his work while an employee of the SETI
Institute at NASA Ames Research Center. These are
primarily concerned with the synthesis of biologically
significant compounds (e.g. amino acids) from labora-
tory simulations of UV processed realistic interstellar or
pre-cometary ices.

4 PLANETARY SCIENCE
4.1 Solar Eclipse Studies

Solar Eclipse Predictions. In November 2002, F. Es-
penak authored NASA TP-12002-211618 titled “Annu-
lar and Total Solar Eclipses of 2003.” This publica-
tion contains complete details for each eclipse includ-
ing tables, maps, figures and meteorological statistics
for viewing sites. The NASA eclipse bulletins are pre-
pared in cooperation with the TAU Working Group on
Eclipses as a public service to both the professional
and lay communities, including educators and the me-
dia. The publication is also available on the web at:
http://umbra.nascom.nasa.gov/eclipse/2003/rp.html.

Espenak’s annual contribution “Eclipses During
2004” was published in the Royal Astronomical Soci-
ety’s Observer’s Handbook. A second article, “The 2004
Transit of Venus” was published in the same publication.

F. Espenak was an invited speaker at several confer-
ences. At the Hands on the SUN Workshop in Tucson,
Arizona (Nov. 2002), Espenak spoke on “The Dynamic
Sun and Eclipses” and “Eclipse Predictions for 2003 and
Beyond.” At the Winter Star Party in Florida (Feb.
2003), the topic was “Predictions for the 2003 Annular
and Total Solar Eclipses.” During Ireland’s Whirlpool
Star Party (Sept. 2003), the presentation title was “The
Next Decade of Solar Eclipses.”

5 PLANETARY OBSERVATIONS
5.1 Planetary and Cometary Physics

Atmospheric investigations of Mars by the Goddard
group of the Mars Global Surveyor Thermal Emission
Spectrometer Experiment (TES) team continued. The
MGS spacecraft completed its 20,000*" orbit on August
29, 2003. More than 2 1/2 martian years of infrared spec-
tral observations have been obtained during the map-



ping mission. Analysis of data taken in the limb-viewing
mode have been analyzed by M.D. Smith and M. Kael-
berer of GSFC, and B. J. Conrath of Cornell University,
yielding temperature profiles from the surface to 65 km.
Scientific interpretation of these results is underway.

Major effort has continued for the Cassini Composite
Infrared Spectrometer (CIRS) experiment. Planning of
observations for the four-year orbital tour of Saturn that
begins July 1, 2004, continues.

5.2 Venus

Venus Ionosphere. Earlier studies of the Venus lower
ionosphere by J. Grebowsky and D. Pesnell indicated
that a prominent ionization layer due to meteoroids was
not likely. However a further theoretical analysis now
shows that the value of the eddy diffusion coefficient,
which controls the low altitude ion distribution profile,
can be sufficient to yield a metal ionization layer with
peak density comparable to those seen by the Pioneer
Venus Orbiter radio occultation measurements below 130
km.

Venus Pick-up Ions. Direct observations of pick-up
ion processes, in the region where the extended atmo-
sphere of Venus interacts with the shocked solar wind,
have yet to fully delineate the properties of the pick-
up ion cyclotron trajectories and their plasma wave sig-
natures. New studies of the Venus energetic ion mea-
surements and magnetic field wave activity from Pio-
neer Venus Orbiter measurements (undertaken by Har-
tle, Grebowsky, Intriligator and Crider) have now shown
that ion cyclotron wave activity in association with accel-
erated energetic ions of ionospheric origin is apparently
only present in the far tail of the planet. Near the planet
there is no evidence that ions of atmospheric origin are
ever accelerated to pick-up ion energies or have the com-
plete cycles of gyration needed for wave stimulation.

5.3 Mars

Mars Global Surveyor (MGS) Thermal Emission
Spectrometer (TES). M. Smith has been using MGS/
TES infrared spectra to monitor the seasonal and spa-
tial variations of atmospheric temperatures, aerosols,
and water vapor. There are now over two full Mar-
tian years of data from MGS. In the past year, Smith
has documented the amount of interannual variability in
atmospheric temperature and aerosol optical depth be-
tween results from the first and second Martian years
of MGS mapping. He found that there was much more
interannual variability in the perihelion season (Ls=180-
360) than in the aphelion season (Ls=0-180), and that
the redistribution of surface dust caused by the planet-
encircling dust storm of 2001 resulted in an overall cool-
ing in daytime surface and atmospheric temperatures
that persisted for at least a full Martian year after the
storm. Smith has also used TES limb-geometry spectra
to study the scattering properties and the vertical dis-
tribution of dust and water-ice aerosols and water vapor
gas.

Mars Odyssey Thermal Emission Imaging System.

M. Smith is a Participating Scientist for the Mars

Odyssey mission. He has been using Thermal Emission
Imaging System (THEMIS) thermal infrared data to re-
trieve dust and water ice aerosol optical depth as a func-
tion of time and location on Mars. The orbit of Mars
Odyssey is at a different local time than MGS and pro-
vides atmospheric information complementary to that
of MGS TES. Smith finds that although dust optical
depth is essentially the same between observations dur-
ing the early afternoon (MGS/TES) and early evening
(Odyssey/THEMIS), ice optical depth is substantially
higher in the evening than in the early afternoon.

Mars Mesospheric Non-thermal Emission. W.
Maguire and A. Kutepov (NAS/NRC) began modeling
non-LTE (non-local thermodynamic equilibrium) contri-
butions to Mars 15 micrometer COy band, which is used
for temperature inversion. In general, until now, the at-
mosphere has been assumed to be in LTE when perform-
ing these inversions. This assumption is still valid for
nadir observations, which sample principally the lower
part of the atmosphere which is in LTE. Above about 85
km, however, this band is no longer in thermal equilib-
rium. In their modeling of MGS/TES limb observations,
even at limb-tangent altitudes below this height, non-
LTE contributions to the observed radiance have been
calculated to be significant. This modeling is impor-
tant because temperatures in the upper atmosphere af-
fect Martian dynamics and climate. They are formulat-
ing a forward-fitting routine to account for these effects
in future temperature inversions.

Mars Atmosphere and Surface. D. Glenar and Co-
investigators G. Bjoraker, J. Pearl, M. Smith, D. Blaney
(JPL), G. Hansen (PSI) and D. Klassen (Rowan Univ.)
are conducting multiple-season, spectral imaging mea-
surements of Mars at near-IR wavelengths (2-4 microns),
using the IRTF/SpeX and NSFCAM. The properties
of aphelion season clouds (Ls=130) have been mapped
over a full-hemisphere, complementing the restricted
local-time coverage of MGS/TES. These results provided
near-IR optical depths, both for convection clouds and
the diffuse aphelion cloud band. Data acquired during
the 01 opposition show the spatial distribution of optical
depth within dust storm 2001A, and measurements dur-
ing the ’03 opposition are providing both low altitude
temperatures as well as the large-scale distribution of
COs ice properties within the (diminishing) south polar
cap.

Stability of Mars COy Atmosphere: Seasonal vari-
ability of Ozone. K. Fast, a co-op student, is continuing
research into the role of ozone in the stability of Martian
CO3 against ultraviolet photolysis, using infrared het-
erodyne measurements to directly sample ozone spectral
features from Mars, Doppler-shifted into narrow inter-
vals of high atmospheric transmission between counter-
part telluric features. Ozone is an important tracer of
the CO5 reformation process on Mars involving products
of water photolysis. Infrared absorption lines of ozone
observed in heterodyne spectra taken during many dif-
ferent Martian seasons are being analyzed to investigate



ozone and water anticorrelation and to compare with
CO; reformation models. Calibration spectra acquired
to evaluate transmission through the Earth’s atmosphere
provide important information about Earth ozone pro-
files, and the results of this passive measurement tech-
nique are being compared to measurements using active
means such as lidar, ozonesonde releases, etc. New mea-
surements with the Heterodyne Instrument for Plane-
tary Wind and Composition (HIPWAC) were obtained
in June 2003 with advisor T. Kostiuk, T. A. Livengood,
J. Annen, and G. Sonnabend. Initial results indicate
greater ozone abundance in the south polar region than
in the northern low latitudes on Mars. Additional mea-
surements will be made in October-November 2003.

Physics of Mars Non-LTE COs Emission.

T. Kostiuk, with Co-investigators T. A. Livengood, W.
C. Maguire, J. Pearl, K. E. Fast, and T. Hewagama, are
supporting MGS/TES observations that have detected
and spatially mapped non-thermal emission by COs in
the upper atmosphere of Mars, previously identified in
infrared heterodyne measurements in the 1970’s and
80’s. TES does not spectroscopically resolve the indi-
vidual CO5 emission lines and thus does not have direct
access to physical information about the source region in
Mars’ mesosphere, at about 65-85 km altitude. The CO»
emission feature appears at the core of absorption fea-
tures due to pressure-broadened COs in the troposphere,
silhouetted against thermal emission by Mars’ surface.
The FWHM of the emission line is about 20 MHz at a
frequency of 25.5x10% MHz (~851 cm 1), requiring re-
solving power significantly greater than AvAA=10° to
resolve the shape of the COs emission feature. HIP-
WAC measurements in August 2001 at resolving power
AVAA=5x10°% determined the gas kinetic temperature
in the source region from the Doppler line-broadening
of non-LTE ro-vibrational COg lines. Positions along
the 2PM dayside track of the MGS orbit were observed
so that data directly complement MGS/TES measure-
ments of the emission intensity. Temperatures range
from 125 K to 200 K in 2001. Observations in June 2003
probe the same Mars seasonal phase as August 2001.
Preliminary mesospheric temperatures range from 110 K
to 170 K, depending on latitude. Disc center spectra
from 2001 show variability in the altitude of dust mixing,
signified by changing depth in the tropospheric absorp-
tion feature. Higher mesospheric temperatures in the
2001 data may bear some relationship to the dust storm
at the time, surprising since dust surely does not mix
so high as the mesosphere. Initial results from the 2003
program were reported at the 2003 Division of Planetary
Sciences (DPS) Meeting.

Mars Global Surveyor (MGS). The Mars Global Sur-
veyor spacecraft has recently finished the first two Mar-
tian years of science operations (2 x 687 days) in cir-
cular polar orbit about Mars. The science payload
includes a Magnetometer and Electron Reflectometer
(Mario Acuna, Principal Investigator) to measure the
magnetic field and plasma in the near space environ-
ment of Mars. The magnetometer and flight processor

was built at GSFC and the Electron Reflectometer was
provided by the CESR in Toulouse, France, under the
direction of Henri Réme and in collaboration with col-
leagues at the University of California at Berkeley. The
investigation continues to acquire data throughout the
(extended) mapping phase of the mission, at approxi-
mately 400 km altitude, and fixed (2am - 2pm) local
time.

Previous findings of the MGS MAG/ER Investiga-
tion include the discovery and characterization of many
crustal magnetic anomalies scattered about and within
the crust of Mars, the outer shell of the planet’s surface
with a thickness of a few tens of km to perhaps 100 km.
Nearly the entire surface has been mapped with extraor-
dinary signal fidelity (100’s), revealing crustal anomalies
at least an order of magnitude greater in intensity of
magnetization than those on earth (Connerney et al.,
2001; Acuna et al., 2001). Large regions of the crust are
intensely magnetized (e.g., southern highlands) and large
regions appear essentially non-magnetic (e.g., Utopia
and Isidis Planitia, Northern lowlands, Hellas and Ar-
gyre impact basins), revealing a ‘magnetic dichotomy’
associated with the crustal dichotomy in elevation, crater
density, and surface morphology that has been a mystery
for decades. These Martian crustal magnetic anoma-
lies are presumed to be the relics of an early (now ex-
tinct) Mars global magnetic field, produced by dynamo
action in the planet’s interior. GSFC researchers are M.
H. Acuna, J. E. P. Connerney, P. Wasilewski, and G.
Kleteschka.

5.4 Jupiter

Atmospheric Composition. G. Bjoraker and
C. Nixon analyzed spectra of Jupiter’s atmosphere ac-
quired by Cassini/CIRS during the Jupiter flyby in De-
cember 2000. Two products of the collision of comet
Shoemaker-Levy 9 with Jupiter in 1994 were still de-
tectable 6 years later: HCN and COs. Jupiter spectra
were divided into 10-degree latitude bins. Large scale
averages of CIRS spectra at a spectral resolution of 0.3
cm~! were produced. The stratospheric temperature
profile was retrieved and synthetic spectra were calcu-
lated to fit the observed emission lines of HCN and CO».
The HCN abundance peaks at 45 degrees south - pre-
cisely the latitude of the impacts. Interestingly, COs
peaks near the South Pole. This unusual spatial dis-
tribution requires a combination of photochemistry and
dynamical transport. This work was presented at the
2003 meeting of the DPS in Monterey, California.

M. Wong and G. Bjoraker modeled CIRS spectra of
NHj clouds on Jupiter. This resulted in the first detec-
tion of NHj3 ice on Jupiter in the thermal infrared. CIRS
maps of Jupiter reveal the presence of NH3 ice near 23
degrees North and near the Equator. This technique is
sensitive to 1-micron size particles in Jupiter’s upper tro-
posphere. These results were submitted and accepted in
the Planetary and Space Science journal.

P. Romani together with C. Nixon and other mem-
bers of the CIRS science team in interpreting observa-



tions of the meridional variations of CoHy and CyHg in
Jupiter’s Atmosphere. Preliminary results indicate that
the meridional transport time on Jupiter is quicker than
the ethane (CyHg) photochemical lifetime but slower
than the acetylene (CoHgz) photochemical lifetime. In
addition the stagnant region at the tropopause must ex-
tend into stratosphere to approximately the 25 mbar re-
gion to explain the high CoHg abundance. A paper for
publication in Icarus is in preparation.

Continuing Studies of Jovian Mid-IR Aurora. New
infrared heterodyne observations of auroral emissions by
ethane in Jupiter’s atmosphere were obtained in Jan-
uary of 2003 by T. Kostiuk with Co-investigators T.
A. Livengood, F. Schmiilling, D. Buhl, K. E. Fast, and
T. Hewagama using HIPWAC. This work continues the
study of long- and short-term variability of mid-IR auro-
ral emission extending back to the Voyager epoch. Data
obtained in December 2000 and in February 2001, during
the Cassini spacecraft flyby of Jupiter, has been analyzed
and incorporated into the long term data record. Results
complement space-based measurements by the Cassini
Composite Infrared Spectrometer (CIRS) and show more
modest increase in the measured ethane emission com-
pared to previous ground based and Voyager IRIS results
near periods of solar maximum. Both ethane abundances
and thermal structure were obtained for the auroral re-
gions and globally for the 2000-2001 data, with similar
retrievals in progress for the 2003 data.

Jupiter Observing Program. A long-term Jupiter ob-
serving program is conducted at NASA’s IRTF (Infrared
Telescope Facility) at Mauna Kea, HI, by Connerney and
Satoh (Kumamoto Univ., Japan). This program, begun
in 1992, acquires images of Jupiter at a wavelength of
3.4 microns in the IR, revealing the global distribution
of bright emission from H3+ ions against a disc otherwise
darkened by methane absorption below the homopause.
These emissions reveal variations due to the solar wind
interaction with Jupiter’s magnetosphere as well as au-
rorae and other emissions related to the electromagnetic
interaction between Jupiter’s moon, Io, and the Jovian
magnetic field.

5.5 Saturn

Cloud Structure. G. Bjoraker and N. Chanover (New
Mexico State Univ.) acquired 5-micron spectra of Sat-
urn using the SpeX instrument on NASA’s Infrared Tele-
scope Facility in Hawaii. Saturn’s 5-micron spectrum has
2 components: thermal emission from the 5-bar level and
reflected sunlight from the 400 mbar level. Spectra of the
South Pole and of the Equatorial Zone were modeled.
The South Pole is substantially darker than the Equa-
tor. This can be explained by changes in the albedo
of the cloud layer at 400 mbars rather than by changes
in the transmittance of deeper cloud layers. These re-
sults were presented at the Monterey DPS Meeting in
September 2003.

Saturn, Long Term Support of the Cassini Mission.
T. Kostiuk, T. A. Livengood, K. E. Fast, P. N. Ro-
mani, J. Annen, and G. Sonnabend, with H. U. Kaufl

(ESO), are continuing the study of ethane abundance
and stratospheric thermal structure on Saturn using in-
frared heterodyne spectroscopy. Data consist of ethane
line emission spectra near 12 ym wavelength acquired at
the NASA IRTF from 1989 to 1999 and broadband spec-
trophotometric images acquired in 1996 with TIMMI
at the European Southern Observatory 3.6-m telescope.
Additional measurements will be acquired in November
2003 using HIPWAC. The high spectral resolution per-
mits constraints on both ethane abundance and strato-
spheric temperature. The meridional distribution of
ethane mole fraction and stratospheric temperature is
obtained from globally distributed measurements as well
as from the spectrophotometric imaging data. Temporal
changes are observed over the 11-year period correspond-
ing to one-third of Saturn’s year. Significant difference
in the spectral features is observed in mid-Summer high
North latitudes and mid-Spring high South latitudes. A
warmer temperature and a lower ethane abundance were
retrieved from the southern measurements. Results will
be complementary to expected data that will be acquired
by the Composite Infrared Spectrometer (CIRS) on the
Cassini spacecraft starting in 2004.

5.6 Titan

Titan Aerosols. N. Chanover and C. Anderson
(New Mexico State), C. McKay (NASA/Ames), C. Ran-
nou (Univ. Paris), D. Glenar, J. Hillman, and W.
Blass have examined Titan haze properties using multi-
spectral adaptive optics measurements at the Mt. Wil-
son 2.5 m natural-guide-star adaptive optics telescope.
The science camera used in this study was a GSFC-built
acousto-optic tunable filter (AOTF) camera. Measure-
ments within the 940 nm methane “window” and model
comparisons suggest removal of haze by rainout in the
equatorial region. A new multi-spectral AOTF camera is
being developed at NMSU for additional measurements
of Titan haze properties, to be conducted at the Maui
3.67 m telescope.

5.7 Neptune

Triton Ionosphere. Expanding upon the known im-
portance of meteoroids on the lower ionosphere and up-
per atmospheres of the terrestrial planets, D. Pesnell and
J. Grebowsky have pointed out for the first time that
meteoroids can have a significant impact in the very rar-
ified atmosphere of Triton, the large moon of Neptune.
Besides leaving significant traces of ionized and neutral
metal species in the atmosphere, they discovered that
bright meteor trails extending to the immediate vicinity
of the moon’s surface will illuminate Triton’s sky.

Mid-Infrared Spectroscopy of Neptune. T.
Hewagama, T. Kostiuk, P. Romani, and T. Livengood
are collaborating with H. Hammel (SSI) on detailed
modeling of Hammel’s 3-13 micron wavelength obser-
vations of Neptune obtained with the Broadband Ar-
ray Spectrograph System (Aerospace Corp.) at the
NASA/IRTF. Initial modeling of the vy ethane band
emission suggests that the abundance of ethane is under-



estimated in current photochemical models. There are
discrepancies between the data and spectra constructed
through radiative-transfer modeling using thermal and
photochemical profiles derived from Voyager spectro-
scopic and occultation data. The data are being used
to constrain modifications to the Voyager-epoch profiles.
Modified profiles can be tested against archival infrared
heterodyne spectra obtained during the Voyager epoch
as well as directly comparing to Voyager measurements,
to determine whether the modifications diagnose a sec-
ular change or identify complexity overlooked in earlier
analyses.

5.8 Extra Solar Planets

Study of Extra-Solar Planetary Systems. D. Deming
and J. Richardson continued their search for the sec-
ondary eclipse of the “transiting planet,” HD209458b.
Analysis of 2-micron spectra taken at the IRTF (SpeX),
in collaboration with S. Seager (CIW/DTM) has placed
the strongest limit to date on the flux from the planet.
In collaboration with J. Harrington (Cornell Univ.) and
Seager, they have obtained 3.8-micron photometry dur-
ing secondary eclipse from the IRTF. The photometric
data are being analyzed together with 4-micron spec-
troscopy in an attempt to detect a predicted flux peak
from the planet at this wavelength. They are also collab-
orating with J. Harrington and P. Rojo (Cornell Univ.)
in an attempt to detect water vapor absorption from the
atmosphere of this planet during transit. Spectra from
IRTF and Keck/NIRSPEC are currently being analyzed
for possible planetary water vapor absorption.

D. Deming and J. Richardson are collaborating with
T. Brown (HAO), D. Charbonneau (Caltech) and J. Har-
rington (Cornell Univ.) to attempt detection of carbon
monixide in the atmosphere of HD209458b using transit
spectroscopy from Keck/NIRSPEC. Preliminary analy-
sis of the data shows sufficient sensitivity to expect detec-
tion of CO at levels predicted by some plausible models
of the planet’s atmosphere.

T. Hewagama with Co-investigators R. Barclay, T.
Chen, D. Deming, C. Goukenleuque, M. Greenhouse,
R. Henry, M. Jacobson, B. Mott, S. Satyapal, and D.
Schwinger reported on their work on “Spectral Contrast
Enhancement Techniques for Extrasolar Planet Imag-
ing,” at the Scientific Frontiers of Research in Extra-
Solar Planets Meeting held in Washington D.C. in June
2002. Extrasolar planet imaging techniques for future
missions which involve shaped and apodized pupil coro-
nagraphy were discussed. These techniques may be en-
hanced by exploiting the extrasolar planets spectral sig-
nature, which shows contrast between particular spectral
regions. Frequency switching techniques, based on such
spectral contrast, as potential methods for improving the
imaging capability of pupil plane optimized systems are
also being studied. A follow-up paper also was presented
at the SPIE meeting held in Hawaii in August 2002.

5.9 Asteroids and Comets
The Organic Composition of Comets. M. J. Mumma

reviewed the group’s cometary research program [Mumma
et al. 2002, Mumma et al. 2003]. To date, organic
volatiles and water in eight Oort cloud comets were in-
vestigated at infrared wavelengths. The detected parent
species include H,O, CO, CH30H, CHy, CoHsy, CoHg,
OCS, HCN, NHj, and HsCO. Several daughter frag-
ments (CN, OH, NHy, etc.) are also measured. OH
prompt emission provides a useful proxy for water when
H>O itself is not measured, and preliminary results of
its study (B. Bonev, Ph. D. thesis topic) were presented
(Bonev et al. 2003). Long-slit spectra are taken at high
spectral dispersion and high spatial resolution, eliminat-
ing many sources of systematic error. The resulting par-
ent volatile production rates are highly robust, permit-
ting a sensitive search for compositional diversity among
comets. For six comets, data reduction is complete. Five
exhibit similar compositions (excepting CO and CHy),
and also agree with comet Halley. Their low formation
temperatures ( 30K) suggest this group probably formed
beyond 30 AU from the young sun. However, a sixth OC
comet, C/1999 S4 is severely depleted in hypervolatiles
and also in methanol, and it likely formed near 5-10 AU.
A seventh comet is enriched in hypervolatiles. This rep-
resents the first clear evidence for compositional diversity
among comets that formed in the giant-planets’ region
of the protoplanetary disk.

OH Prompt Emission in Comets. Multiplets from
OH in the 1-0 band were seen in prompt emission
throughout the 2.9 - 3.7 ym wavelength range in several
comets observed with NIRSPEC at the W. M. Keck Ob-
servatory. These emissions originate from vibrationally-
excited rotationally-hot states of OH, produced by disso-
ciative excitation of water. B. P. Bonev, M. J. Mumma,
N. DelloRusso, E. L. Gibb, M. A. DiSanti, and K. Magee-
Sauer reported results (Bonev et al. 2003) for the OH
quadruplet falling near 3046 cm-1 at the 2003 DPS meet-
ing. They presented line-by-line g-factors in comets
C/1999 H1 (Lee), C/2001 A2 (LINEAR), and C/2000
WM1 (LINEAR) based on relative OH line intensities
and comparison with simultaneous production rate mea-
surements of the parent (H30).

Comet C/2002 C1 (Ikeya-Zhang). M. J. Mumma,
N. DelloRusso, M. A. DiSanti, K. Magee-Sauer, and
E. L. Gibb investigated the composition of C/2002 C1
Ikeya-Zhang at infrared wavelengths. This Oort-cloud
comet was discovered in Feb. 2002, and Target-of-
Opportunity time was awarded at the NASA IRTF in
March and April post-perihelion [UT 2002 March 21.9
(Rh = 0.51 AU) and April 13.9 (Rh = 0.78 AU)|. The
comet was unusually bright, rivaling comet Hyakutake
during its close approach to Earth. Our long-slit spec-
tra featured both high spectral dispersion and high spa-
tial resolution about the nucleus, permitting the ex-
traction of rotational temperatures, production rates,
and spatial information along the slit. Water (Hy0),
methane (CHy), acetylene (C3Hj), ethane (C2Hg), hy-
drogen cyanide (HCN), ammonia (NHjs), carbon monox-
ide (CO), methanol (CH3OH), and formaldehyde (HoCO)
were detected. On UT April 13.8, Q(H20) = (2.1 £ 0.3)



x 1029 molecules s-1, and Q(CoHg) = (1.3 + 0.2) x 1027
molecules s-1, giving a mixing ratio of CaHg/H20 = (6.2
+ 1.3) x 10-3. Also, the absolute production rates for
HCN and CyHy were (3.8 £ 0.5) x 1026 molecules s-1
and (3.7 4+ 0.8) x 1026 molecules s-1, on that date, yield-
ing mixing ratios HCN/H;0 = (0.18 & 0.04)0.05) x 10-2
and CH30H/H,O = (2.5 + 0.5) x 10-2, on UT April
13.8. For the 3-day mean April 11 - 13, HoCO/H,0 =
(0.62 4+ 0.18) x 10-2 [DiSanti et al. 2002]. Our retrieved
rotational temperature for CO (115 + 8 K) was based
on the intensities of eight lines. The spatial profiles for
all three species was consistent with release solely from
the nucleus. The chemistry of comet Tkeya-Zhang was
consistent with that of five other Oort cloud comets (ex-
cepting CO).

Search for HDO in Comets. E. L. Gibb, M. J.
Mumma, M. A. DiSanti, N. DelloRusso, and K. Magee-
Sauer searched for for HDO emission in our infrared
database of six Oort Cloud comets (C/2002 C1 (Ikeya-
Zhang), C/2001 A2 (LINEAR), C/2000WM1(LINEAR),
C/1999 H1 (Lee), C/1999 S4 (LINEAR), and C/1999 T1
(McNaught-Hartley)) [Gibb et al. 2002]. Spectral lines
of the nl fundamental vibrational band of HDO were
sampled using high-resolution infrared spectra acquired
with both CSHELL at the NASA IRTF and NIRSPEC
at the W. M. Keck Observatory. Of these comets, the
recent apparition of the bright comet Ikeya-Zhang, with
its high gas production rate and good geocentric Doppler
shift, provided an exceptional opportunity to search for
minor constituents such as HDO. HDO was tentatively
detected in three comets and upper limits were deter-
mined for the remaining three. These data, combined
with future observations, will be used to test models of
nebular chemistry and delivery of water and organics to
the early Earth.

Methane in Comets. E. L. Gibb, M. J. Mumma,
N. DelloRusso, M. A. DiSanti, and K. Magee-Sauer re-
ported CH4 abundances in eight Oort cloud comets us-
ing a fluorescence model they developed for the n3 band
(Gibb et al. 2003). New g-factors for the RO and R1
lines were given for representative rotational tempera-
tures in cometary comae, and resulting CHy production
rates and mixing ratios were presented. Relative abun-
dances of CH4 and CO were compared, and no corre-
lation was found among the comets sampled, suggest-
ing that thermal conditions alone did not control hyper-
volatile abundances in these comets.

Comet C/1996 B2 (Hyakutake). M. J. Mumma, M.
A. DiSanti, N. DelloRusso, K. Magee-Sauer re-analyzed
their observations of comet C/1996 B2 Hyakutake using
algorithms and procedures developed during their Hale-
Bopp campaign. The initial reductions were based on
nucleus-centered extracts only, and they neglected opti-
cal depth effects. The revised analyses are based on spa-
tial profiles about the nucleus, and they include correc-
tions for optical depth in the CO pump along with var-
ious other improvements and minor corrections. Their
long-slit infrared spectra featured both high spectral dis-
persion and high spatial resolution about the nucleus,

permitting the extraction of rotational temperatures,
production rates, and spatial distributions of species
along the slit. The spatial distributions of CoHg, HCN,
and H5O in the coma were consistent with their release
directly from the nucleus, although asymmetries about
the nucleus were seen for both gas and dust. CO showed
a small distributed-source contribution.

Production rates were measured for water (on four
dates) and ethane (on three dates) between UT 1996
March 23.4 (Rh = 1.08 AU) and April 12.2 (Rh = 0.64
AU pre-perihelion) [DelloRusso et al. 2002]. Their aver-
age relative abundance was CoHg/HoO = (6.2 &+ 0.7) x
10-3. HCN was detected on UT 1996 March 24.4 (Rh =
1.06 AU, D = 0.106 AU); a Boltzmann analysis of eight
ro-vibrational lines in the n3 band returned a rotational
temperature (83 £ 9 K) for a region centered on the
nucleus [Magee-Sauer et al. 2002]. The global HCN pro-
duction rate was (4.50 £ 0.81) x 1026 molecules s-1, and
its abundance relative to water was (0.18 £ 0.04). The
measured spatial distribution for HCN was consistent
with its release at the nucleus - no significant contribu-
tion from a distributed source is required within ~ 600
km of the nucleus.

Carbon monoxide was measured on four pre-
perihelion dates (UT 1996 March 24.5 - April 12.2), pro-
viding the first secure ground-based detection of cometary
CO at infrared wavelengths [DiSanti et al. 2003]. The
retrieved rotational temperatures are consistent with a
heliocentric dependence Trot = 63 Rh-1.06 K over the
range Rh = 1.06 - 0.64 AU. From long-slit analyses, na-
tive and distributed sources of CO were distinguished,
and the relative abundance of native to total CO was
inferred to be 0.773 + 0.054 on April 12.2. If the ratio
is constant on UT April 11.2 and 12.2, the mixing ratios
(relative to water) are 0.149 £+ 0.019 for native CO and
0.191 + 0.022 for the sum of native and extended sources.
The scale for release of the extended source observed on
UT 1996 April 12.2 is consistent with that observed for
C/1995 O1 (Hale-Bopp) on UT 1997 January 21, after
taking into account the difference in heliocentric distance
assuming insolation-limited release. This may suggest a
similar progenitor material in the two comets.

6 SUN-EARTH CONNECTIONS
6.1 Magnetospheric Physics

Magnetosphere Magnetic Field Modeling. N. Tsy-
ganenko has continued research in the area of the data-
based modeling of the Earth’s magnetosphere. The most
recent work focused at the derivation of a global quanti-
tative model of the nightside magnetotail current sheet.
In a joint study with D. Fairfield, an analytical approxi-
mation was developed for the shape of the current sheet,
representing it as a function of the Earth’s dipole tilt
angle, solar wind ram pressure, and the interplanetary
magnetic field (IMF). The model was based on 5-min
magnetometer data of the Geotail and Polar spacecraft,
spanning the periods 1994-2002, and 1999-2001, respec-
tively. All the data were tagged by concurrent values



of the solar wind pressure and IMF By and Bz compo-
nents. Warping and twisting parameters were calculated
by minimizing the number of mismatches between the
observed and predicted orientation of the magnetic field
on both sides of the model current sheet. The model is
valid within the nightside magnetosphere down to tail-
ward distance of 50 Rg. It was found that variations
of the solar wind pressure change the shape of the de-
formed current sheet in such a way that an increase of the
pressure results in a decrease of the magnetotail “hing-
ing distance,” but increases the magnitude of its trans-
verse warping. The IMF Bz affects the magnitude of
the seasonal/diurnal motion of the current sheet in the
north-south direction, and it also controls the degree of
the IMF By-related twisting, which becomes much larger
during the periods with northward IMF Baz.

The data-based modeling of the magnetosphere was
a central topic of the recent AGU Chapman Confer-
ence on the Physics and Modeling of the Inner Magne-
tosphere, held in August 2003 in Helsinki, Finland. The
Conference was convened and organized jointly by T.
Pulkkinen (Finnish Convener) and N. Tsyganenko (US
Convener).

Forecasting the Radiation Belt Environment. A ra-
diation belt - ring current forecasting model, also called
a Radiation Belt Environment (RBE) model, has been
developed by M.-C. Fok, Y. Zheng (USRA) and G. V.
Khazanov at NASA/MSFC. This is one of the ongoing
projects of the University Partnering for Operational
Support (UPOS) program, which is sponsored by the
U.S. Air Force and the U.S. Army, involving collab-
oration between NASA (GSFC and MSFC), Universi-
ties (UAK and JHU), and other government agencies
(AFRL). The ultimate goal of this project is to develop
a model that can predict the radiation belt environment
and the corresponding radiation doses, 24 hours ahead of
time. The model is a data-driven physics-based model,
which solves the bounce averaged convection-diffusion
equation of plasma distribution functions in the ranges
of 2-12 earth radii and 10 keV to 5 MeV energy. The
effects of fluctuating magnetic and electric fields in par-
ticle transport, energy and pitch-angle diffusions due to
wave-particle interactions are included in the model. A
plasmasphere model is also embedded in the forecasting
model to specify the cold plasma distribution for wave
diffusion coefficient calculations. The only input to the
model are solar wind and IMF conditions, which real-
time data (ACE data) are available to be downloaded
from the NOAA ftp site. The first version of the RBE
model is now running in real time and provides now-
casting of energetic electron fluxes and pitch-angle distri-
butions every 15 minutes. Information about the model
and the model results are posted at the URL: http://sd-
www.jhuapl.edu/UPOS/RBE/index.html.

Cavity Mode Resonances. Toroidal and poloidal os-
cillations of the geomagnetic field have been interpreted
in terms of resonant oscillations excited by variations
in the solar wind dynamic pressure and the Kelvin-
Helmholtz instability on the Earth’s magnetopause. Be-
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cause ground stations often observe identical frequencies
over a range of latitudes, global ‘cavity’ mode models
are often invoked. D. G. Sibeck is currently reexamining
previously reported examples of cavity mode resonances
to determine whether they can be directly attributed to
foreshock-generated pressure pulses propagating through
the magnetosphere.

Morphology of the Ring Current. G. Le in collab-
oration with C. T. Russell (UCLA) and K. Takahashi
(JHU/AP) have been analyzing over twenty years of in
situ magnetic field measurements in the entire volume
of the inner magnetosphere with multiple spacecraft, in-
cluding ISEE (1977-1987), AMPTE/CCE (1984-1989),
and currently operational Polar (1996-present). The
large magnetic field dataset allows them for the first time
to quantify how the ring current flows and closes in a
self-consistent manner. Using intercalibrated magnetic
field data from the three spacecraft, they are able to
construct the statistical magnetic field maps and derive
3-dimensional current density by the simple device of
taking curl of the magnetic field. In general, in situ ob-
servations show that the ring current varies as the Dst
index decreases as we would expect it to change. An
unexpected result is how asymmetric it is in local time.
Some current clearly circles the magnetosphere but much
of the energetic plasma stays in the night hemisphere.
During quiet times, the symmetric and partial ring cur-
rents are similar in strength (~ 0.5 MA) and the peak
of the westward ring current is close to local midnight.
It is the partial ring current that exhibits most drastic
intensification as the level of disturbances increases. Un-
der the condition of moderate magnetic storms, the total
partial ring current reaches ~ 3 MA whereas the total
symmetric ring current is ~ 1 MA. As the ring current
strengthens, the peak of the partial ring current shifts
duskward to pre-midnight sector. The partial ring cur-
rent is closed by a meridional current system through
the ionosphere, mainly the field-aligned current, which
maximizes at local times near the dawn and dusk. The
closure currents flow in the sense of region-2 field-aligned
currents, downward into the ionosphere near the dusk
and upward out of the ionosphere near the dawn.

The Dusk Flank of the Magnetosphere under North-
ward IMF Conditions. D. Fairfield has been investigat-
ing an interval of steady northward IMF on January 10-
11, 1997, using Geotail and Interball spacecraft data
at X=-5 to -15 Rg on the dusk flank of the magne-
tosphere which revealed magnetopause boundary layer
motions caused by both solar wind pressure discontinu-
ities and the Kelvin-Helmholtz instability. Several large,
sudden changes in solar wind density caused the magne-
topause to move across both spacecraft. Relative tim-
ing of these crossings along with corresponding geosyn-
chronous and ground magnetic field changes showed that
a wave in the boundary layer propagates down the tail
faster than the causal pressure front moves tailward in
the magnetosheath. This situation can cause the bound-
ary to bulge out in the region ahead of the magne-
tosheath front. The tailward convecting magnetosheath



pressure front also moves more slowly near the magne-
topause than it does further out in the magnetosheath,
thus distorting the front and enhancing the likelihood
that the boundary layer wave will outrun the magne-
tosheath front. Integrating the velocity perpendicular to
the boundary shows that the boundary waves can have
amplitudes of at least 1 or 2 Re. When the solar wind
was steady, boundary waves were observed with periods
of several minutes that are consistent with exitation of
the Kelvin-Helmholtz instability. Magnetograms from 5
ground magnetometer chains show both pulsations ini-
tiated by the pressure discontinuities and ongoing wave
trains probably related to the KH instabilities. A paper
has been submitted for publication.

ISIS Digital Database. Digital ISIS 1 topside-sounder
ionograms continue to be produced, from the original
analog telemetry tapes, by a team led by R. F. Benson.
Approximately 400,000 digital ISIS-1&2 ionograms cov-
ering the 15-year interval from early 1969 through early
1984 have been archived at the National Space Science
Data Center at GSFC. Programs to assist in the retrieval
of the data, to produce electron-density profiles from the
echo traces, and to help interpret sounder-stimulated
ionospheric plasma resonances are available from their
web site (http://nssdc.gsfc.nasa.gov/space/isis/isis-
status). Work with V. Osherovich has stressed the
importance of applying the scientific knowledge gained
from these active ionospheric soundings to magneto-
spheric physics and astrophysics.

Plasma Physical Models of Self-organized Criticality
in the Magnetotail Plasma Sheet. V. Uritsky (St. Pe-
tersburg State Univ.), A. J. Klimas, D. Vassiliadis, and
D. N. Baker (Univ. of Colorado), through a study of the
evolution of bright nightside auroral emission regions in
long sequences of Polar UVI images, have shown that the
occurrence probabilities of several physical properties of
the emission regions are governed by scale-free power-
law distributions over remarkably large ranges of scales.
Further, using a superposed epoch analysis, they have
shown that the average spreading and decay rates of the
emission regions exhibit signatures of critical dynamics.
Taken together, these two results show that the UV au-
roral emission regions evolve statistically in exactly the
same manner as avalanches in sand-pile models of self-
organized criticality (SOC). The most straightforward
and, at present, sole explanation for this result is SOC
in Earth’s magnetotail plasma sheet. A simulation study
is in progress to guide a proposed in situ study of the
plasma sheet dynamics. Driven 1-D and 2-D current-
sheet models are under consideration at present. An
important characteristic of these current-sheet models is
strong coupling between resistive MHD phenomena at
large scales and resistivity generating kinetic phenom-
ena at small scales. The bursty, intermittent Poynting
flux in these models has been shown to exhibit scale-free
power-law distributions over large ranges of scales with
power-law indices close to those found by Uritsky et al.
[2002] in their analysis of the auroral image data.

On Substorms during Prolonged Northward IMF. In

11

a paper by C.-C. Wu, K. Liou, R. P. Lepping, G. Le,
and C.-I. Meng (2002) giving examples of observations
of substorms during prolonged northward IMF, based on
WIND/MFT and SWE data, it was reported, for the first
time, clear evidence of substorms that occurred during a
long- lasting “ground state” of the magnetosphere (i.e.,
where Kp < 0+ for more than 16 hours). For the two
reported substorm events there was no clear evidence for
substorm triggering by either IMF directional changes
or by solar wind dynamic pressure increases, indicating
that these substorms were occurred more spontaneously
than by being triggered.

On Substorms within Geomagnetic Storms. In a pa-
per by C.-C. Wu, K. Liou, R. P. Lepping, and C.-1. Meng
(2003b) on the identification of substorms within geo-
magnetic storms it was found that: (1) auroral breakups
occurred more frequently in the main phase than in the
recovery phase within the storms, (2) storm intensity
(Dst) does not affect the occurrence of auroral breakup
(substorm onset), and (3) changes in Dst have no effect
on the occurrence frequency of auroral breakup.

Modeling of Collisionless Magnetic Reconnection.
M. Hesse, M. Kuznetsova, and J. Dorelli used kinetic
simulations of collisionless magnetic reconnection to
study the effect on the reconnection rate of ion density
enhancements in the inflow region. The goal of the in-
vestigation was to study a candidate mechanism for the
slow-down of magnetic reconnection. The calculations
involved either proton or oxygen additions in the inflow
region, initially located at two distances from the cur-
rent sheet. Protons are found to be much more tightly
coupled into the evolution of the reconnecting system
and therefore to effect an immediate slowdown of the
reconnection process, as soon as the flux tubes they re-
side on become involved. Oxygen, on the other hand,
has, within the limits of the calculations, a much less
pronounced effect on the reconnection electric field. The
difference is attributed to the lack of tight coupling to
the magnetic field of the oxygen populations. Last, a
study of proton and oxygen acceleration found that pro-
tons respond primarily to the reconnection electric field,
whereas the main oxygen electric field in accomplished
by Hall-type electric fields at the plasma sheet boundary.

They have investigated the physics of driven mag-
netic reconnection at the terrestrial subsolar magne-
topause using analytical and numerical approaches by
solving the magnetohydrodynamics (MHD) equations.
Their approach to this problem has been divided into
two areas: 1) investigations of the effects of Hall electric
fields on the physics of flux pileup antiparallel magnetic
field annihilation, 2) assessment of the relevance of an-
alytical flux pileup solutions of the MHD equations for
global MHD simulations of driven reconnection at the
terrestrial subsolar magnetopause. Their research has
demonstrated that MHD predicts significant pileup of
magnetic energy in the terrestrial magnetosheath under
steady southward IMF conditions. Further, they have
shown that Hall-induced flux pileup saturation (as pre-
dicted by analytical annihilation solutions) is probably



not sufficient to account for the experimentally observed
lack of flux pileup at the magnetopause under southward
IMF conditions.

Plasma Transport and Energization. Two new ef-
forts in the study of plasma transport and energization
were initiated by T. E. Moore, M.-C. Fok, and W. Allen
during 2003. First, they visited R. M. Winglee at the
Univ. of Washington for an introduction to his mul-
tifluid magneto-dynamic (MMD) simulation code and
transferred a copy of the code to GSFC to be run lo-
cally. Currently the only magnetospheric global sim-
ulation to include separate solar and terrestrial atmo-
spheric fluids, this code will be used in future work to
set up numerical experiments complementary to the on-
going work at UW. Their first experiment was to study
a magnetosphere characteristic of the central phase of a
geomagnetic field reversal, when the tilt angle of the field
reaches 90°and the dipole axis lies nearly in the ecliptic
plane. The MMD code successfully simulated this rather
extreme change of boundary conditions, for typical solar
wind conditions. Second, they developed a database tool
to handle large numbers of individual particle trajecto-
ries in the magnetosphere, as computed by the Delcourt
3D particle propagator code. This allows the accumula-
tion of local particle properties in a 3D grid of spatial
bin. It supports examination of particle velocity distri-
butions in any bin and calculation of bulk parameters
throughout the simulated magnetosphere. Initial tests
of this tool have been run for photothermal ionospheric
outflows (polar wind) and for magnetosheath entry via
the low latitude boundary layer.

Planetary Radio Bursts. R. A. Hess and R. J. Mac-
Dowall studied interplanetary scattering at low frequen-
cies ~ 100 kHz using Jovian radio emissions observed in
the Ulysses spacecraft data. The magnitude of the scat-
tering was found to vary with wavelength as expected
from analytic theory; however, there is considerable scat-
ter from event to event, due to variations in the inter-
vening density and density fluctuations.

6.2 Heliospheric and Solar Physics

ROSAT X-ray Observations of the Primary and Sec-
ondary Streams of Interstellar Neutral Atoms. A team
from the LEP which includes M. R. Collier, T. E. Moore,
D. Simpson and B. Pilkerton along with S. Snowden from
the Laboratory for High Energy Astrophysics and addi-
tional investigators from other institutions is examin-
ing soft X-ray (~0.25 keV) emission resulting from solar
wind charge exchange with interstellar neutral atoms.
Preliminary results from the RASS indicate a value of
« consistent with about 6x10716 eV cm?, a heliospheric
contribution to the total X-ray flux ranging from about
18% at about five-ten degrees off the downstream axis to
about 40% directly above the downstream axis viewing
southward, and a secondary stream entering the helio-
sphere from above the ecliptic plane about ten degrees
higher in ecliptic longitude than the primary stream.

Search for the Source of Mysterious Bursty Magnetic
Field Wave Activity at 1 AU and Throughout the Helio-
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sphere. A team of investigators from LEP which includes
M. R. Collier, A. Roberts and A. Szabo along with scien-
tists from other institutions is examining low frequency
electromagnetic wave activity with periods near the pro-
ton cyclotron frequency to determine the origin of this
activity. Possible sources to be examined include, but
are not limited to, neutral atoms of terrestrial origin,
neutral atoms related to ICMEs or other solar activity,
interstellar neutral atoms and dynamic turbulent cas-
cade processes.

A Statistical Study of Interplanetary Shocks and
Pressure Pulses Internal to Magnetic Clouds. Using
magnetometer data from the Wind spacecraft, M. R.
Collier, R. P. Lepping and D. Berdichevsky have per-
formed a statistical study of pressure pulses and inter-
planetary shocks internal to magnetic clouds. In the
68 clouds examined, these internal shocks and pressure
pulses occur in nine or about 13% of the Wind magnetic
clouds. These internal shocks and pressure pulses tend
to occur in the latter half of the clouds, i.e. time-wise,
about two-thirds of the way through.

2D-MHD Model of the Solar Wind. E. Sittler as
Principal Investigator for a SOHO Guest Investigator
NRA has been using the semi-empirical MHD model of
the solar wind by Sittler and Guhathakurta (1999, 2002)
to develop a self-consistent 2D MHD model of the solar
wind. This model does not assume a polytrope, which
is violated near the Sun, and uses an empirically de-
termined effective heat-flux to constrain the solutions.
Preliminary results are very promising showing multiple
streamers converging to a singular equatorial streamer
as observed. Multiple streamer topologies are also likely.
They are presently performing an error analysis of the
solutions from which they can fit analytical functions
to 2D maps of effective temperature and heat-flux (by
“effective” they mean the possible presence of waves).
The use of analytical functions are expected to provide
numerical stability and speed up convergence in their so-
lutions. A conference paper by Sittler et al. (2003) for
the Solar Wind X Conference in Pisa Italy in 2002 was
accepted for publication. In preparation for Stereo they
have developed a 3D model of the coronal density using
Legendre polynomials. They can generate 2D maps of
coronal brightness from 3D coronal streamers and are
in the position to generate movies of the coronal bright-
ness as the Sun rotates. This effort was done by a stu-
dent from MIT under the MIT Externship program with
E. Sittler as mentor. They are also developing a semi-
empirical model of the solar wind electrons using the
Krook’s approximation for the collision term (wave scat-
tering and Coulomb collisions) and solving Boltzmann’s
equation. Then using our empirical model, radial tem-
perature maps from SOHO and Ulysses they will be able
to provide 2D maps of the electron heat flux, interplan-
etary potential and electron distribution function. The
zeroth order electron distribution function is assumed to
be a Kappa distribution.

Electron Distribution at Interplanetary Shocks. R. J.
Fitzenreiter, K. W. Ogilvie and A. F. Vinas and other



colleagues have analyzed a small selection of interplane-
tary shocks of moderate strength, observed by instru-
ments aboard the WIND spacecraft. They find elec-
tron signatures of heating and acceleration that are sim-
ilar to those found at Earth’s high Mach number bow
shock. Upstream, velocity distributions have the signa-
ture of shock-accelerated electrons with the character-
istic time of flight velocity cutoff with bump-on-tail re-
duced distributions observed in coincidence with Lang-
muir waves. Downstream, the distributions broaden
with the stronger shocks showing flat-topped distribu-
tions and accompanying beams, such as are seen on
the high entropy side of Earth’s bow shock. They ap-
ply the Liouville mapping analysis of Hull et al. [1998,
2001] to one of the interplanetary shocks and compute
the deHoffman-Teller electrostatic potential across the
shock using the electron moments to map the observed
upstream distribution to the downstream region. The
mapping successfully reproduces the inflated phase den-
sity and beam signatures of the observed downstream
electron velocity distribution.

Foreshock FElectrons: Vlasov Simulations. A. F.-
Vinas, in collaboration with J. A. Miller (Univ. of
Alabama-Huntsville), and A. J. Klimas have developed,
as a result of recent numerical algorithm advances, a nu-
merical simulation code to solve self-consistently the fil-
tered and un-filtered Vlasov-Maxwell equations directly,
to investigate the evolution of particle distribution func-
tions in the solar wind electron foreshock. As a result of
this new initiative they have written a tutorial paper on
the construction of such simulation to solve specifically
the one-dimensional electrostatic Vlasov-Poisson equa-
tions, which describe a rich and wide range of plasma
phenomena. The resulting simulation is more than a fac-
tor of 100 times faster than the corresponding particle
simulation, and yields almost noiseless particle distribu-
tion functions. A paper has been submitted to the Am.
J. Phys. in 2003.

The Nature of Sun-FEarth Connections During Solar
Mazimum. D. B. Berdichevsky, R. P. Lepping, K. W.
Ogilvie, M. L. Kaiser and other colleagues, investigated
the coalescence of ejecta in the heliosphere. Their study
discussed the essential similarities and differences of two
intervals of extreme interplanetary solar wind conditions,
separated almost precisely by two solar cycles, in April
1979 and March-April 2001. The similarities extend to
various data-sets: energetic particles, solar wind plasma
and interplanetary magnetic field. In April 1979 obser-
vations were made by three spacecraft covering a wide
longitudinal range (~ 70°) in the heliosphere. Data are
presented from Helios 2, located 28° East of the Sun-
Earth line at ~ 2-3 AU, and from near the Earth. Ob-
servations of the 2001 interval are from Wind. They also
examined the geomagnetic activity during each interval
and presented more than one month of the correspond-
ing radio, energetic particles, and solar wind parameters
collected with the Wind spacecraft.

Interplanetary Shock Geometry in the Magneto-
sheath. A. Szabo, in collaboration with C. W. Smith
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(Bartol Research Institute, University of Delaware) and
R. Skoug (LANL) continued their multi-spacecraft anal-
ysis of the interplanetary shock surface curvature. The
study focused specially on the geometry of interplanetary
shocks in the Earth’s magnetosheath. New Cluster data
and MHD simulation results suggest that the transmit-
ted pressure pulses of weaker interplanetary shocks suf-
fer some geometrical deformation in the magnetosheath.
This result is significant for accurate space weather fore-
casting of interplanetary shock induced geomagnetic ac-
tivities.

Earth’s Bow Shock. A. Szabo, in collaboration with
J. King (GSFC), J. D. Richardson and J. Merka have
been analyzing all of the Earth bow shock crossings ob-
served by the IMP 8 spacecraft. All 28 years of the
mission has been completely analyzed and the com-
pleted database is being placed in a publicly searchable
database at NSSDC. This large database was compared
to the predictions of the most popular bow shock models
and a surprisingly large degree of deviation was found
implying the need to update and improve the current
bow shock models.

Invited Review Paper. R Lepping was invited to
present a review chapter on the solar wind’s role in Space
Weather in a book by Research Signpost, Trivandrum,
India, in a series called Recent Research Developments in
Astrophysics. The chapter is entitled “Sun-Earth Elec-
trodynamics: The Solar Wind Connection.” It provides
some background to the subject and concentrates on the
recent work by a team in LEP studying transient in-
terplanetary structures, magnetic clouds, and their so-
lar and geomagnetic connections, and balances this with
discussion of the importance of quasi-periodic solar wind
structures, all under the umbrella of Space Weather. The
book was recently published in 2003. D. Berdichevsky,
C-C. Wu, R. Fernandez Borda, and A. Szabo contributed
significantly to the review.

Estimating Errors on Magnetic Cloud Fit Parame-
ters. R. Lepping, D. Berdichevsky and T. Ferguson re-
cently developed a process to estimate errors in force-free
magnetic cloud model fit-parameters employing a Monte
Carlo technique to simulated magnetic clouds composed
of two parts: (1) exactly simulated cloud fields and (2)
added “noise.” The noise level, to have realistic struc-
tural characteristics, was developed from actual mag-
netic clouds from WIND observations. A paper on this
by these authors in now in press. The results provided
a better understanding of the limitations of the cloud-
fitting program being used and showed specifically that
the order of estimated accuracy of the cloud fit param-
eters (from best to worst) usually was: diameter, axial
field magnitude, symmetry, axial direction, and closest
approach distance. The study further gave a practical
scheme for using the results to help estimate errors on
these fit-parameters in future studies. Recently, extrap-
olation and interpolation of the results have been added
to increase the technique’s effectiveness, and a program
is now being developed to automate the process for any
realistic case. This represents the first time such error



analysis has been implemented in a production mode in
a cloud fitting program.

Program for Predicting Geomagnetic Storms in Real-
time due to North-to-South Types of Magnetic Clouds.
R. Lepping and C-C. Wu are developing a program by
which it will possible to predict the Dst geomagnetic
index based on real-time measurements of a magnetic
cloud (MC), with a north-to-south type of internal IMF-
Bz, passing Earth, as well as from guidance from pre-
viously modeled MCs from WIND observations. The
scheme should be applicable to ACE data, for example.
The program consists of five stages: (1) identification
of the proximity of a cloud-complex, (2) estimating the
MC’s front boundary and ‘center time,” (3) predicting
the speed and minimum IMF-Bz and the latter’s tim-
ing within the MC, and (4) estimating the associated
Dst, based on reliable IMF-Bz vs. Dst relations from
well-known previous work. Such north-to-south types of
MCs are expected to be most common in the near future.

Program to Automatically Identify Interplanetary
Magnetic Clouds. R. Lepping and C-C. Wu have devel-
oped a computer program automated to identify objec-
tively an interplanetary magnetic cloud (MC) by exam-
ining proton plasma beta, degree of smoothness of the
magnetic field’s directional change, and field strength,
for any reasonably continuous data set of these quanti-
ties; these are criteria consistent with a MC’s definition.
The scheme has been applied to WIND MCs over the pe-
riod 1995 through 2002, in order to determine its ability
to identify MCs of any type when compared to well-know
MCs. It rarely produces false positives and apparently
can sometimes find MCs that were not found previously,
but these are usually difficult to analyze structurally,
probably representing ‘shallow’ passes of the spacecraft.

Exact MHD solutions. D. B. Berdichevsky, R. P.
Lepping, and C. J. Farrugia have investigated the essen-
tial differences in the nature of the evolution of two ana-
lytical solutions describing magnetic flux tubes evolving
in time. The first solution maintains the elongation of
the tube, while the second maintains a constant angular
extension with respect to a possible point-like source. In
the first case, free-expansion of the plasma (density N)
occurs only in a direction perpendicular to the flux tube
z-axis. In the second case, isotropic evolution is con-
sidered. In both cases it is assumed that at initial time
to the flux tube B-field is the force-free magnetostatic
Lundquist solution, which energetically corresponds to
the most stable state for any flux tube structure. They
showed that for each case conservation of magnetic flux
is enough to establish the scaling with time of the B-
field. While both expansions correspond to the evolution
of observed flux tubes in the heliosphere, the isotropic
expansion appears to capture consistently essential fea-
tures associated with the actual observations of expand-
ing coronal mass ejections within thirty solar radii. For
isotropic expansion of the plasma the force-free nature of
the B-field is preserved for all time. As an example, the
MHD solutions are applied to an interplanetary mag-
netic cloud observed with the spacecraft Wind, which
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passed Earth’s vicinity on June 2, 1998.

Shock and Discontinuities Analysis Tool (SDAT). A.
F. Vinas with the collaboration of M. Holland (GSFC/
Code 587) have developed an analysis/visualization tool
to study shocks and other discontinuities from satellite
observations of plasma and magnetic field data. The
analysis is based on extensions to the Vinas-Scudder
method published in JGR/1985. SDAT was developed
in IDL, but a version rewritten in Tcl/Tk with the as-
sistance of Chris Gurgiolo (Bitterroot Basic Research)
has also been developed. As currently configured, SDAT
reads ASCII data from any space mission for the analy-
sis. All data displays and graphics generated by SDAT
are written in Postcript and a summary of the analysis
is generated as an ASCII file. T